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(wt%) 
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(wt%) 


Of 
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(mol) 
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0.3 
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0.5 


136 


179 


0.08 
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4 


0.7 


130 


192 


0.07 
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5 


1.0 


133 


192 


0.07 


o 



== A... SAMPLE No.. 

= B... MINOR COMPONENT 

= C... MAIN COMPONENT 

~ D ... ELECTRICAL CHARACTERISTIC 

= E... MECHANICAL STRENGTH 

F... HEAT RESISTANCE 

^ G... AL-CONTAINING PHASE 

< 

(57) Abstract: Disclosed is a piezoelectric ceramic composition which is excellent in electrical characteristic Qma X , heat resistance 
t"*^ and temperature characteristics of resonant frequency. This piezoelectric ceramic composition is characterized by comprising a 
JTj phase mainly containing a lead zirconate titanate having a perovskite structure and an Al-containing phase. It is preferable for the 

main component of this piezoelectric ceramic composition to contain Mn and Pb and to have a chemical composition represented by 
Q\ Pbat^n^Nb^XTiyZrJOs (wherein 0.97 ^ a S 1.01, 0.04 ^ x ^ 0.16, 0.48 ^ y ^ 0.58, 0.32 ^ z ^ 0.41). 
© 
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^ ±f$.#i)<P ba[ (Mn 1/3 Nb M ) J i y Z r z ]0 3 (fc*£U 0. 97^a^1. 01. O. 04^x^0. 16, 0. 
O 4 85^y <;0. 58, 0. 32<zSO. 41) (DfflfiE 
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[oooi] *%wte,^*-?,7^?,±yvm\mmt£frmMmmmmi-%o ■ 
[0002] mEmmk£tir\,^mmmmmvo<D\zbAsbi-±, muwT&K^xiE^^ 

*fcfSMft:^©PZT(PbZrO-PbTiO @^)^ J ^»PT(PbTiO )W£b*<D^< 

3 3 3 

Pb(Mg Nb )O^Pb(Mn Nb )0 l|<D^Hj&#&gt&U 

1/3 2/3 3 1/3 2/3 3 

[0003] mmmmmm*mm.^*^mw.^*^* § s w^rs^tg^ 
teb'tLx&mztix^z* mx.\ts mmm^mi^m^^-^tvxmmir^m 

£\ mia,®®LtLX<DQ (Q =tan 0 : 0 \*$m%) ^*tV^^®5fc$tvC^ 

max max 

zivzm^ s^yv7vi-p%mirtMmmmm^bi>m#£ftx^z> 0 fc*s 

b^% 

%<Dtctb s ^lx.«#fF»l (#11 2000-103674^£#)Ti2, -Jt£i£Pb a [( 
Mn Nb ) Ti Zr]0 Xm&tl%±J&ft (~ j&iS'P, 1. 00^ a £1. 05, 0. 07^ 

1/3 2/3 z y z 3 

x^O. 28,0. 42^y^0. 62,0. 18^z^0. 45, x+y+z=l) (31, Mf&ftbLX 
tff|E^^100aS%»LTMn O £0. 3-0. 8Mfi;%?»f SrW^D, ffi 

3 4 

[0004] #fF#SKl: #|| 2000-1 03674^^ 
#W^:^2:#W2003-128462^# 
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[0005] i£mmmmmz&M.vtm& tm* tsmmr-v&m istitt^mmmm^ 

2 

i^^bimttW?XM2 (#H2003-1 28462-^-^) {C#£&ft,TVV5, L 

2 

15 

max 

max 

[0006] *ISK#^^^^^Lfc^n^^h^»5g^JE«e^ffl.^^*3V vt 

wwt&£&&tr&tok. Ai^mb^tt&mm&m&mzmm-rzo rom* 

0 0 

I -m. io%urb\^mim., z&mi*&is a #i60N/mm &±£i^*h&£: 

b3 

nzz.btfx%z> 0 

*#m<omnm&mim\z.i5^x* s&ftt*. Mn&tmb£^i-5i>©-c&5 

^$P>fcW:Pbo[(Mn Nb ) Ti Zr ]0 (fcfcfU 0. 97^ a £1. 01, 0. 04^x 

1/3 2/3 x y z 3 

^0. 16,0. 48^y^0. 58 s 0. 32^z^0. 41)<D^&X&&hZ>Zb&fti£.U<^ 
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2 3 

[0007] &tc, *mm\z, ±^L/cAi{i«ttoipj±<Dte(^ <mm>&.Q RTfmmm 

max 

&m<DU&m&<Dfa±lZ%WX*hZ>ZbZn J MLtc 0 ZLXtSb^ Ga, In, TaRXf 
Pba[(Mn Nb ) Ti Zr]0 --^(l) 

1/3 2/3 x y 2 3 

(5£(l)tt\0. 97^ a ^1. 01, 

0. 04^x^0. 16, 

0. 48^y^0. 58, 

0. 32^z^0. 4lXhZ> 0 
ft£>, ^(1) ^ , a , x, yRXfz^fl^^it^m-ro )X^3nZ>±f&ft\Ztt 
bt, S'M^LTAl, Ga, In, TaRVScfrbmiRi$tl%'Pft<bhm<D7tm*% 

m7tm<DMitm&w.xo. 01-15. owt%-^tp-t^#m^-r5JE«a^m^-c 
-r sc^c^, m^m^Q mosx±, mmmmmm^mm^,mw^m 

max 

rtz^Mmmm <D^tm<DmMm I af (-40*0 i &o. 4%^r, 2or£g 

0 0 

mtvtct%<D85x;\ztevz%Mmm&F<Dmkm<Dmttu I af (ss^) i #0 

0 0 

5tnt><Dm&<DteW]<DM, imMM]<DW<nmmzfe^ttmz.^x!$fe£tiz> 

i><Db1rZ> 0 

[0008] a , x, yRUzHK 0. 98^ a < 1. 00, 0. 

06^x^0. 14, 0. 49^y^0. 57, 0. 33^z^0. 40T*fe«9, m&frbLXAl&Al 

2 

O &WX0. 05-5. Owt%^-f §^W£Ll\ $e>f-, *3£ejOj±fflMM 

3 

Jfttttt* giJ/&#£LTSi£SiO &3?T*0. 005-0. 15wt%^t-5^^#£U^ 

2 

o 

[0009] J^±(D*|g^ {riflf^, Pb, Zr, Ti, Mn, Nb^fig^tl- S-^W^^Ml^ 
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max 

15 .15 

0 0 

20V&miibUtkZm5X>\ztoVttMmmkF<o&4k&omtte I af ( 

0 0 
85V) I 3*0. 2%RTTfc5Jima»^?r««i-5-^^x^^o 

[0010] #3BEfcMitf * vMJy^«t»fCAl^*tB*#^$*5^i:fc < tUx KfHfeDffiT 

max 

[0011] ur. mmmm\zm^x*mwiz£zj£mmmmm^^xmmimw 

mtt, Pb, Zr, Tu Mn, Nb££j£#i^5^n:/;*;^Mb^&£/&#£1"5-t 

2 3 

2 3 

[0012] WfctZMHSM'&M'&X.. Al O ©afeDP**S0f 3tftt9i>*V ^m&fctZAfe 

2 3 

^rtBtt^L*v^. ai o <DmMmmfeA£Wi^m&x*h<>xhmm& 

2 3 

2 3 

2 3 
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2 3 

[ooi3] mmto?mfa±<D®m&mtzA&mte%&)ttzit#>\m. w-pb 

a[(Mn Nb ) TiZr]0 -^(1) (C^LTAl O £0. 15wt%^±^JPl"<5^ 

1/3 2/3 i y z 3 2 3 

##*L<, 0. 6wt%^±»1"S^^J;«9^*U\ Al O J^it^bTV^ 

2 3 ' 

tt\w. nbM®&&mv1r%mZftZ>z.bfrb, i«»Lri5. owt%^ 
T, #*b<»5. Owt%JUT, $fcfc#*b<tti. 5wt%^Ti:1-So 

[0014] »?g(Dj±«^m^f*, (D-e^Hs^ft^Sr^rf^fc^Sb 

Pba[(Mn Nb ) Ti Zr]0 

1/3 2/3 * y z 3 

3fc(l)tp,0. 97^a^l. 01, 
0. 04^x^0. 16, 
0. 48^y^0. 58, 
0. 32^z^0. 41T?fc5„ 

[0015] tpfc&tfS a , x, y&tfeOffiJtSASrtftWf 5» 

Pb*Sr*i" a fS, 0. 97^ a £1. OlOfl&ffiirf^fciW^UOo a^O. 97* 

mm&*nZ~t&X*%t£\\ ±ct, a i±, 0. 97^ a ^ 1. 01©«SBBW*^# 
#?3;b<, ££>(0). 98^ a <1. O0bt&Z.k&fP£L<* 0. 99^ a <1. OObirZZ. 

[0016] Mn«Rrmb*Sr^-txtt, 0. 04^x^0. 16©*5ffl£-**5-ta s 0*bl\, x^0 
. 04*i«n?f4. «^4#t$Q tfS/h$<ft5 0 x^O. i6ZMx.Z>k, BURtflSfflt 

max 

ttSrflterfcas-C*ft<45. ioT, xte, 0. 04^x^0. i6<Dfg|ffli:-rSo xH&bfc 
0. 06^x^0. 14ttZZ.b&i5-*.l,<.0. 07^x^0. lltf5^^«J»*U\ 
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[0017] Ti***tVtt, 0. 48^y^0. 58(D^mtir^ 0 y&O. 48^mX^ 

JilC&5 0 ^oT, ytt, 0. 48^0. 58<DimttZ>Z.bt>m&L<* SfefcO. 49 
=gy^0. 574r*-5££##*L<, 0. 50^y^0. 55£1-S£fcas«fcD#*U\ ft*5, 

[0018] Zr*Sr^-t-ztt % 0. 32^z^0. 41<Df&B£-f 5 C z^O. 32*^XftO. 41*j@*. 
Zt&W£UI&¥?&tfnbtlte<ftZ>o iot, ztt, 0. 32^z^0. AKD^MbiT^ 
MSU^feCO. 33^z^0. 40£-f3^W*L<, 0. 34^z^0. 39t1" 

[0019] «±©^^*^5*»M{cJ:5JE«fll«i(i§lfi«>tt, ±j&UzAl<Dm\z.MJ& 

&Hl-co. oi-i5. owt%^^rr5ci*s-et5„ §e>»c±iE 

«5S:#5ifc^-Ct5o Mfifc#<&Jto5£(l)<&Pba[(Mn Nb ) Ti Zr]0 Kl#L 

1/3 2/3 i y z 3 

rSK5c^©lft^%«lHt-C0. 01-15. Owt% % #*L<ttO. 05-5. Owt% $b 
fc#*L<ttO. 15-1. 5wt%Jrf-3 0 I>J^tLTI*Al^fflV^O^*W^U^ 
[0020] #3803 \Z£5&nW&m&® KWmftblXSiO fr$%&lkXi> £l \ SiO <D<g 

2 2 
2 

*5VvC, #£U^SiO SIS, 5£(l)tf)Pba[(Mn Nb ) TiZr]0 {£#1/0). 005 

2 1/3 2/3 x y z 3 

-0. 15wt% % «£!9»3;Ll^SiO SJiO. 01—0. 12wt%, £bK:»£U^SiO 

2 2 

0. 01—0. 07wt%T?*>3 o 

[0021] <mm*m> 

iLj&ftomMbvx, mitm^tcttmm^mimb^i^mtDnm^m^ 

0 g&mmPbOffiM. TiO ZrO MnCO »*, Nb O !&5tfflS$:/lll* 

2 2 3 2 5 
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ftm£tltc&m-%<DmmmzttLX, 9Jfifc#fcLTAU Ga, In, Ta&tf Sc 

frbmRzti%&ft<ti>m<07Gm<Dmk®ffi3ii*o. 01-15. 0wt%»-rs o 

WlfbtonffiVRMtlXtiAl O Ga O Ta O Sc O ifeS^, In O 

23 23 25 23 23 

2 

SiO #M*^*OTO&^f*0. 1-3. 0 /z mOfSa-C'jgHjS^ 

2 

[0022] 

2 

[0023] om-im) 
[0024] moo 

j&j&f$\zmaLlt/<4>?&ffc£Uz&, iioo-i25orofSBrtx0f£p#M 

2 
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[0025] (ftmt&m 

0QX,<DU&X, 1. 0-2. OEc(Ec^*#)^)fl;#SriE^^*|-b-CO. 5-30# 

o 

4fe©f^jK*sHii^5o ±ot, #mim<D&\z.%iM-rznmzi. 0-2. oEci-r 

3££##*U\, $fefc»*LV^JP«|^ttl. 1-1. 8Ec, i«9$f*U^nm# 
ttl. 2— 1. 6Ec-Cfo5o 
[0026] #«;3S«#0. 5#*?i£&5i:, #ffi/^+#fcftoT+M#t££#5^ 

*-c#*v^ ^^a^^^3o^^^^»s{csi-5^r t a^ft<^ 

^ligttO. 7-20#\ i5»*LV^tt«iai*|igttO. 9^15#-efc3o 
^•JSttfcWu Ell (b) fc^-*-«fc5*£WrC*>3. 

[0027] jEEmane^tt^ 9fa©»**-cw**ii*:a, w*tt#mjfcs&iia. &v * 

[0028] <JBESBS«JBfiK»0«H4> 
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bZ 

b3 

Tffl£>5£(2) |Cj:5*:«)*f>©fc-t-So **5* 5£(2) K&^X, P:fl(N), L:£#u 
-/MSIffi*(m), wrfURJh^ 
^4(m)-C&So 
[0029] CM 

L 3 ( P 2 - P t ) 

a b3--j 37 n-S(2) 

4wt(y b2 -y bl ) 

[0030] mmm 

0 

ttmnrnwrnsmtiMfo mmmmm 1 af i &o. 10% 

0 0 

0 

0 

ikw.'tZo 2Anmum^ mm. af &«9£i-3(Wft&)o (24 

0 

0 0 

0 0 
^-f^HJi^JO I AF It, Pl«©3MirCJfc«>*OX5 0 

0 

[0031] CM 
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[0032] 2|c»WJ!:*5lt5«|gja»JfcF tt, ^IUS&S»ffiV^mT^1-^;(4)-(7 

o 

)0>g§&#&5o 5£(4)-(7) |C*5V>T, F Fr:*}gE&Bc, Fa:£* 

0 

C :E»», C -.mm*. C : 5*1(7) Cd: C , C 

l 0 L LI L2 

0 

1 1 0 

1 0 L 

0 

1 0 L 

[0033] GR3] 

[oo34] imi 

n F a 2 -F r 2 „ , 
F a 

[0035] [»5] 

c 0 = cd-c 1 ...a(6> 

[0036] GR6] 

1 2 
^ ~~ ^"(^L 1 = 2) 

[0037] *m8<o&mm%mm®tt.mwmm&mm \zm-tz>m%m 1 Ak 1*4 • 

15 15 

15 



WO 2005/092817 



11 



PCT/JP2005/003266 



*5, mUmW^W^k mjT(D^(8) ^M^MtCo 5* (8) 1\ Fr : * 

15 

Lfc(fWJ)^ C^^T/^m-e^^, 265 c C(0(^cm[c:iO#r ( gmm« 

15 

15 15 

i"5 0 I Ak i {*,m^m^^«k o«w*PHfj^^^^*©^*fie-e 

15 15 



15 



[0038] [$C7] 



in F r /jc Fr' 

k 15 = J— • c o t 

! Al 2 Fa \ 



2 F a 



•xC(8) 



[0039] [gfe] 



Ak|s= y«^« xl oo (%>...*(9) 

k 15 (^m) 

[0040] muw&Q ) 

max 

max 

max 

<DF^-e<DQ(=tan0 , 0 'M^Mdeg)) (DWcMmMU l>-^*-?tVXmWm 
[0041] #3PJ3<D£ma^mj&W^ fig#t£t^*V0^ 0 ^^BJ^^Sc^:^ 

o 

0 

0 0 
momt^bF (85t:)^(10)S^(ll){^«9*fe, MtttMtSc 

0 

[0042] Hfc9] 
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A F o (-4 Or) = F ° ( - 40 ° C / ) (20 ° C) xl0 0 (%)-*<10) 

Fo (2 Ot:) 

[0043] BRIO] 

A F o (8 5t) = Fo (85-C) -Fo (20°C) xl0Q ( o /o) ...^ (11) 

F o ( 2 0 °C) 

[0044] ttmtoEnswm&mtt:. q as3o^±©«^HM!!M Ak i#4%£m: 

max 15 

V^»#fc I AF (-40*0 I tf*0. 4%^T, I AF (85X:) | #0. 4%£ATO^ 

0 0 

£<bi£#3PJK£;lxff,Q ^100^±<D«^t4, I Ak | ^2%^T^V^B 

max 15 

1 AF (-40^) | 2%WT> I AF (85X1) \ 2%OTiV^&* 

0 0 

£bfc*fc#»Wfc:,fch/tfx Q iSi20£Jl±©*^«M4, I Ak | #1. 8%OT 

max 15 

^V^ffiMlU I AF (-40*0 | 36SO. I AF (85^C) | tf*0. l%UTt 

0 0 

kttftl 1 

[0045] tH^^^-irL-C, @£M (PbO) WGf-trs (TiO ) S^t^K^i* ( 

2 

ZrO ^^^XMnCO IMfc=tf"7CNb O MM. mtT/K- 

2 3 2 5 

*A(A1 0 HflflS*(SiO )»5tcSrJWtLfe. C<£>DiC»*£, ^/HtTPb 

2 3 2 

C(Mn Nb ) Ti Zr X) 4ft5i5Kffll/fcll, #»*©«lllC»Lt 

0.99 1/3 2/3 0.10 0.53 0.37 3 

mf&ftklX<DSiO £0. 02wt% % $£>|CA1 O »5tcSrH4tC*-t-Jfc^ltjSftIU, # 

2 2 3 

[0046] #b^c^7y-^+^^ML-C7 p I/^^L^, 800t;-e2R#«& 

tcm. »#5|ft*£S^£*/c 0 M&ttMVmmZs 'WjTklXPVAW 
])}?—/VT/V=t—;V)%mMM%.s WfflstCo 3t1^SrlK20mmX«20mm(O^fcr 
fcl*&3gJSAU V ^3t&^*^245MPa(D 

)E^-T?«bfc 0 #<btifc«^{^Lr^^>^a^firofcm, A^1\ 115 
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0-1250 < C-C2B#ra^L-r, ffil7. 5mmXil7. 5mmXf$l. 5nun©» 

[0047] t*m<Dmm&7iy-79£?w&o. svamicw-mijaxutm^ yji/yyy—vmi 

5mmXi5. Ommi:§)ttIL, "fc©ffi*£8K5. Omm^loj) tC##gJB 

®ffi&Rfc*Lfc. ^\ ^m&^OffcftOlM'Xte^l 5mm X i4mm X jp& 
0. 5mm-C&5„ S*5y^*T?*J:*ff*0. 3mm*-T?W*U Segfcffi 

v>rEa3K^±5Kiawti©ra«iF»**ifcWiii) i-»mn2^«ufco s 

»«ffi2H:J?$0. 01 n m©CrTii^2M m©Agt^yi^tl5„ % 
[0048] «X©f*i!tK- ia»fcS*4rom X flfc). 7mm X J¥£0. 3mmtf>I£«9^£§J 

max max 

max 

v ? -*h$S4294A) SHSfcffi U 4MHz#ST*aiJ^L7 v c 0 fg^M^Q tt*if!M«fr 

max 

tR#fiMlfil!cfaOra-C©Q(=tan 0 , 0 :&ffia(deg))©**fli£&U I"^*- 

. t^>y^y-"CJK7. 2mm X fl|2. 5mmj!:§J»f*DXU INSTRONttS43ftSW 
1^(^7^5543) (Cm^ttff a £Sfj^Lfc5S(2)t££!?^fCo 

b3 

max 0 

04^-To 

[0049] £7c, XE^om^ffi^-Tir^^K^-^hT^SAPXL, ^©tc^^j^SE 
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